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C tracer to measure plasma fat oxidation, an acetate recovery factor should be determined in every subject to correct for label sequestration. Less is known regarding the acetate recovery factor for dietary fatty acid oxidation. We compiled data from six studies to investigate the determinants of the dietary acetate recovery factor (dARF) at rest and after physical activity interventions and compared the effects of different methods of dARF calculation on both the fat oxidation and its variability. In healthy lean subjects, dARF was 50.6 Ϯ 5.4% dose (n ϭ 56) with an interindividual coefficient of variation of 10.6% at rest and 9.2% after physical activity modifications. The physical activity interventions did not impact dARF, and the intraindividual coefficient of variation was 4.6%. No major anthropological or physiological determinants were detected except for resting metabolic rate, which explains 7.4% of the dARF variability. Applying an individual or an average group dARF did not affect the mean and the variability of the derived dietary lipid oxidation at rest or after physical activity interventions. Using a mean dARF for a group leads to over-or underestimation of fat oxidation of less than 10% in individual subjects. Moreover, the use of a group or individual correction did not affect the significant relationship found between fasting respiratory exchange ratio and dietary fat oxidation. These data indicate that an average dARF can be applied for longitudinal and cross-sectional studies investigating dietary lipid metabolism. exogenous fatty acid oxidation; stable isotopes; mass spectrometry STABLE ISOTOPES ARE EMPLOYED in clinical nutrition studies to measure fatty acid oxidation. The rate of excretion of labeled CO 2 following a constant infusion or ingestion of 13 C-labeled fatty acids is used to measure the tracer oxidized (2, 5, 6, 11) . However, early studies (3) showed that the appearance of 13 CO 2 in breath is very low in the first hours of infusion, especially at rest. This finding suggested that part of the labeled carbon is temporarily sequestrated in the organism due to label dilution and/or redistribution, resulting in an underestimation of the tracer fat oxidation rates. Although dilution occurs mainly in the bicarbonate pool (4, 7), Wolfe and Jahoor (22) reported that the main sequestration of labeled carbon actually occurs in the TCA cycle. Indeed, labeled carbons were found in glutamate and glutamine and in lower quantity in glucose and lactate and pyruvate (15) . On the basis of the observation that acetate is converted into acetyl-CoA and directly enters the TCA cycle, Sidossis et al. (14) were the first to propose that infused [ 14 C]acetate can be used to correct for the retention of a 13 C-fatty acid ( 13 C-FA) in the organism. Schrauwen et al. (12) compiled data from six studies and investigated the within-and between-subject variability of the infused acetate recovery factor (iARF). They observed a high interindividual variability (12.0%) that was explained by resting metabolic rate (RMR) adjusted for fat-free mass (FFM; 13%), percent body fat (15%), and fasting respiratory exchange ratio (RER; 9%). Together with the low intraindividual coefficient of variation (CV; 4%), this suggested that although the iARF is reproducible it should be measured in every subject, except when only the group mean data are of interest. In many countries the use of radioactive isotopes is restricted for ethical reasons, and the conclusions of Schrauwen and colleagues (12, 13) imply that two separate tests, performed under identical conditions, are needed to determine the iARF required to correct the tracer oxidation data. Although this might be feasible for infusion studies given the relatively short duration required to obtain a steady state (Ϸ2 h) (13) , it presents operational constraints for studies investigating dietary fat oxidation that require Ն10-h tests due to digestion and trafficking processes. Surprisingly, apart from our studies looking at the effect of physical activity on dietary fat oxidation (1, 9, 18 -21), we did not find data on the use of a dietary acetate recovery factor (dARF) to correct tracer oxidation rates. Before the determinants of dARF are investigated, however, it is vital to demonstrate that the rate of 13 CO 2 appearance reflects the intracellular metabolism of the ingested acetate and thus is comparable with the metabolism of acetate derived from the intracellular metabolism of a fatty acid. The two studies (9, 21) conducted at the University of Wisconsin to validate the use of d 31 -palmitate as a tracer of dietary fat oxidation strongly support the validity of a dARF correction in that d 31 -palmitate oxidation rates (measured as 2 H 2 O recovery, and thus minimally subjected to sequestration) only equal those of dietary [1- 13 C]palmitate when the latter is corrected for isotopic sequestration using a dARF (Fig. 1) . However, the cumbersome experimental implications of the Schrauwen et al. (12) acetate infusion study for dARF have to be tested for postprandial lipid oxidation studies.
Here, we combined data from six of our studies and reported data from 69 subjects to 1) determine the interindividual variability of the dietary acetate recovery factor and examine the factors that might explain this variability, 2) determine the effect of the physical activity level and of physical activity interventions on the acetate recovery factor, and 3) determine the reproducibility of the acetate recovery factor. Indeed, in five of the six studies considered here, the subjects performed acute exercise prior to the experimental protocols or were submitted to chronic modifications of their physical activity level, e.g., detraining or training sessions of different durations. On the basis of these results, we evaluated the effects of different methods of dARF calculation to correct the fat oxidation for label sequestration and their impact on both the fat oxidation rates and their variability.
METHODS

Study design.
For the present analysis, we compiled dARF data from six studies performed in our two laboratories: Votruba et al. (WISE) , and the Strasbourg Lipid Oxidation study (LIPOX). The WISE study was completed in 2006 and is currently being prepared for publication, and the LIPOX study is still in progress.
Votruba et al. (21) and Raman et al. (9) were studies designed to validate deuterium-labeled fatty acids for the measurement of dietary fat oxidation in five women and two men at rest and in six women and seven men during a light exercise [25% of peak oxygen consumption (V O2 peak)] of Ͼ2 h. The second Votruba et al. (18) study investigated the effect of prior acute exercise on dietary fat utilization. In this analysis, we used a [1-
13 C]acetate recovery factor in ambulatory conditions and after acute heavy-intensity exercise (85% of V O2 peak) consisting of three bouts of 10 -12 min with 10-min rest periods between bouts from seven women. Bergouignan et al. (1) , WISE, and LIPOX were longitudinal studies aimed at determining the effect of chronic physical activity interventions on dietary lipid oxidation. Briefly, Bergouignan et al. (1) and WISE were long-term bed rests of 3 mo in 15 men and of 2 mo in 16 women, respectively. Both were performed at the Institute of Space Medicine and Physiology in Toulouse, France, and supported by the Centre National d'Etudes Spatiales (France), the European Space Agency, the Canadian Space Agency, and NASA. During the bed rest period, the volunteers were randomly divided in two groups [Bergouignan et al. (1) : n ϭ 8 in the control group and n ϭ 7 in the exercise group; WISE: n ϭ 8 each]: one severely detrained group that strictly stayed in bed and one group subjected to different exercise countermeasures. The exercise group also remained supine but concomitantly performed either resistance exercise training 4 times/wk (men) or resistance exercise training every 3 days combined with an aerobic exercise training 4 days/wk (women). Details on these exercise-training protocols can be found elsewhere (16) . The LIPOX study investigates the effect of training and detraining on dietary lipid partitioning in men and took place at the Hautepierre University Hospital of Strasbourg (France). Detraining was imposed on active subjects with a physical activity level (PAL Ͼ1.7) and consisted of 1 mo of voluntary reduction in structured and spontaneous physical activities. Aerobic training was emphasized for 2 mo in sedentary subjects (PAL Ͻ1.5) and consisted of four 60-min sessions per week at 50% V O2 max. Here, we present the results of the first 11 male subjects (n ϭ 8 in the detrained group and n ϭ 3 in the trained group). The protocols of WISE and LIPOX were approved by the Institutional Review Board of Midi-Pyrénées I (France) and of Alsace I (France), respectively. For all but the validation studies, dietary acetate and lipids recoveries were measured before and after the intervention on physical activities.
Subjects. Data from 69 participants, 34 women and 35 men, were compiled. Of these, 49 subjects were studied twice. From these six studies, we collected the following parameters: body weight and composition, RMR, V O2 peak, and fasting RER. The initial subject characteristics are shown in Table 1 . Few data are missing because of difference in the protocol's objectives. 
Acetate recovery factor and dietary fatty acid oxidation protocols.
The experimental protocols to measure the dARF and the dietary fatty acid oxidation were similar in each of the studies included herein, and in each individual study both tests were conducted in few days apart under identical experimental conditions. Thirty-six hours before the test, all subjects were provided with microwaveable meals at breakfast, lunch, and dinner and were asked to not participate in any structured physical activities. After an overnight fast the subjects were weighed, and baseline breath and urine samples were collected. RMR and RER were measured for 1 h using indirect calorimetry under the supervision of the investigators. Then, a standard breakfast was provided to the participants, which included a homogenized liquid meal labeled with one of the following: 2 mg/kg [1- 13 C]acetate [Ͼ99% enriched; Cambridge Isotope Laboratories (CIL), Andover, MA], 10 mg/kg [1-
13 C]oleate (Ͼ99% enriched; CIL), or 10 mg/kg [1-
13 C]palmitate (Ͼ98% enriched; CIL), depending on the test day and the study. Breath samples were collected before the meal, every 30 min for the first 2 h, and then hourly for 7-10 h after the meal according to the study. Throughout the test, V CO2 was measured hourly by indirect calorimetry using a Deltatrac metabolic cart (Deltatrac II; GE) or a room calorimeter (respiratory chamber of the University of Wisconsin-General Clinical Research Center). The detailed experimental conditions of each study are summarized in Table 2 .
The body composition was assessed by the H 2 18 O isotope dilution method, as routinely used in our laboratories, in the Votruba et al. Sample analysis. The details on the isotope ratio mass spectrometry analyses can be found in previous studies from our laboratories (9, 18, 21) . Briefly, the ratio of 13 CO2 to 12 CO2 in breath from the Votruba et al. (9)]. For the WISE and LIPOX studies, H 2 18 O was reduced to CO by carbon reduction at 1,400°C in an elemental analyzer (Flash HT; ThermoFisher Germany) coupled to a Delta-V isotope ratio mass spectrometer in Strasbourg, and isotopic abundances were measured in quintuplicate. All enrichments were expressed against International Atomic Energy Agency standards.
Calculations. Recovery of [1-
13 C]palmitic acid was calculated as the instantaneous recovery of 13 C in expired CO2 per hour, expressed as a percentage of the dose: %dose recovery/hour ϭ [V CO2 ϫ ⌬␦13 CO 2 ϫ RSTD/1,000]/[D ϫ P ϫ n/(MW ϫ 100)] ϫ 100, where ␦13 CO 2 represents ␦/mil ϭ (R sample/RSTD Ϫ 1) ϫ 1,000, with R being the ratio 13 , D is the dose (in g), and V CO2 is the carbon dioxide production in milliliters per hour. Cumulative recovery was calculated using the trapezoid rule. Cumulated acetate recoveries were further extrapolated to infinity according to the formula Ac(ϱ) ϭ Ac(t)/[1 Ϫ exp(Ϫt/k)], with Ac(t) the acetate percentage recovery at time t, Ac(ϱ) the acetate percentage recovery to infinity, and k the terminal time constant. Corrected fatty acid oxidation rates were calculated by dividing the cumulated fatty acid recovery by the cumulated acetate recovery extrapolated to infinity times 100.
Data organization and statistical analysis. Prior to the analysis, the normality of the data was ascertained by the Kolmogorov-Smirnov test.
We first considered the results from the subjects in resting conditions, i.e., the control (rest) tests from all the studies with interventions on physical activity. The study by Raman et al. (9) investigating the validity of deuterium-labeled fatty acid during acute exercise was therefore excluded from this first analysis. A one-way ANOVA was used on the resulting 56 subjects to test whether the dARF differs according to sex and study. The between-subject CV was calculated, and correlation analyses were used to test putative anthropological and physiological determinants of the dARF.
We then investigated the influence of different methods to apply the dARF on final fatty acid oxidation rates. The Votruba et al. (18) study was excluded from this analysis because dietary 13 C-FA percentage recoveries corrected by individual dARF values were not available. The objective was to study the variability in dietary fat oxidation when individual, within-study mean, or between-study mean dARFs were used. The corresponding corrected fatty acid oxidation rates were identified as 13 C-FAINDV, 13 C-FASTUDY, and 13 C-FAMEAN, respectively. To date, only the first two methods have been published by our teams (1, 18 -20) . The differences between the averages of 13 C-FAINDV vs. 13 C-FASTUDY and 13 C-FAINDV vs. 13 C-FAMEAN were compared using a paired t-test. We also tested whether or not the methods of correction influenced correlation analyses of fatty acid oxidation with the fasting RER, a predictor that displayed a negative correlation with dietary fatty acid oxidation. The slopes resulting from the different methods were compared by an analysis of covariance. We further evaluated the variability introduced by the three methods of correction calculating 13 C-FAINDV, 13 C-FASTUDY, and 13 C-FAMEAN in our population for extreme values of fasting RER taken at the 10 (RER ϭ 0.731) and 90% (RER ϭ 0.930) quintiles.
In a third analysis, we determined the effect of physical activity interventions on the dARF and on the dARF-corrected dietary lipid oxidation rates. The analyses included subjects from the Bergouignan et al. (1) were noted between studies (F ϭ 0.17, P ϭ 0.95) or between sexes (F ϭ 0.01, P ϭ 0.91), we combined subjects based on the type of physical activity intervention to which they were submitted. Six groups were accordingly generated: acute heavy exercise, severe detraining, severe detraining plus resistance exercise, severe detraining plus resistance and aerobic exercise, detraining, and training. The effect of the physical activity intervention was determined by a multiple analysis of variance (MANOVA) with time as the repeated measurement (before vs. after the intervention) and physical activity group as main effect. Because we did not observe an effect of the physical activity modifications on the dARF (F ϭ 0.01, P ϭ 0.94), we calculated the within-subject CV. Finally, the kinetics of the instantaneous and the cumulative acetate percentage recoveries was analyzed by a MANOVA with time as the repeated measurement and physical activity group as main effect followed by the protected leasy significant difference post hoc test.
All data are represented as means Ϯ SD, and the level of significance was set as P Ͻ 0.05. All statistics were performed using JMP version 5.1.1 (SAS Institute).
RESULTS
Between-subjects CV of the acetate recovery factor. The average dARFs are summarized in Table 3 . Overall, the average dARF in healthy subjects at rest was 50.6 Ϯ 5.4% (n ϭ 56), ranging between 37.3 and 63.8%, with a between-subject CV of 10.6%. This interindividual variability was not accounted for by differences between studies (F ϭ 0.168, P ϭ 0.95). Moreover, the dARF did not differ between women (50.7 Ϯ 4.7%) and men (50.5 Ϯ 6.0%, F ϭ 0.012, P ϭ 0.912). Neither age [r 2 ϭ 0.015, root mean square error (RMSE) ϭ 5.4, P ϭ 0.4], RER (r 2 ϭ 5.10 Ϫ5 , RMSE ϭ 5.4, P ϭ 0.96), FFM (r 2 ϭ 0.027, RMSE ϭ 5.1, P ϭ 0.2), nor percent body fat (r 2 ϭ 5.10 Ϫ5 , RMSE ϭ 5.2, P ϭ 0.9) explained the variability in dARF. dARF tended to have a relationship with V O 2 peak in liters per minute (r 2 ϭ 0.107, RMSE ϭ 739, P ϭ 0.06), which disappeared when normalized for body mass (r 2 ϭ 0.047, RMSE ϭ 7.2, P ϭ 0.22). RMR explained 7.4% of the interindividual variability of the dARF (r 2 ϭ 0.074, RMSE ϭ 5.2, P ϭ 0.04; Fig. 2 ), but that was no longer a significant contribution when adjusted for FFM (r 2 ϭ 0.005, RMSE ϭ 4.7, P ϭ 0.71).
Effect of individual, within-study mean, or between-study mean acetate recovery factors on dietary fat oxidation variability. As illustrated in Fig. 3 , regardless of whether we used individual, group mean, or grand mean dARF, the variability in fatty acid oxidation rates measured under resting control conditions remained the same. In all studies combined (n ϭ 47), the CV was 36.3% for the 13 C-FA INDV , 36.6% for the 13 C-FA STUDY , and 36.0% for the 13 C-FA MEAN . Because no withinsubject or within-study variations were noted in dARF, such a large CV was explained by the between-study differences in fatty acid oxidation rates. As indicated in Table 3 , we observed no differences between 13 C-FA INDV and 13 C-FA STUDY or 13 C-FA MEAN ; the mean dietary fatty acid oxidation was 35.0 Ϯ 12.7, 35.0 Ϯ 12.8, and 34.8 Ϯ 12.6%, respectively. None of the average differences were different from zero. Applying the between-study acetate recovery factor to correct individual dietary fatty acid oxidation rates led to over-or underestimation of fat oxidation percentage recoveries of Ͻ10%.
We tested whether the method of correction affects the putative deterministic relationship of dietary fat oxidation and Values are means Ϯ SD (minimum/maximum is in parantheses); n ϭ no. of subjects that have performed the acetate oral load (acetate) and lipid oral load tests (oleate). Effect of interventions on physical activity on acetate recovery factor and the related dietary fat oxidation rates. In this subgroup of subjects, the overall initial between-subject CV for dARF was 10.1% (Table 4) . After intervention, the CV was 9.2% and the average dARF 50.6 Ϯ 4.7% (n ϭ 49), ranging from 39.7 to 60.4%. When we added the 13 subjects from the acute light exercise validation study of Raman et al. (9) , the CV was 12.2%. We observed neither a group effect (F ϭ 0.14, P ϭ 0.15) nor an effect of the exercise regimen (F ϭ 0.01, P ϭ 0.94) on the dARF value (time-by-exercise regimen interaction not significant). Consequently, the within-subject CV was 4.6%. The 13 C-FA percentage recoveries corrected by either the individual dARF (40.4 Ϯ 8.8%, F ϭ 1.10, P ϭ 0.30), the within-study mean dARF (40.2 Ϯ 8.1%, F ϭ 1.55, P ϭ 0.22), or the between-study mean dARF (40.6 Ϯ 8.1%, F ϭ 0.83, P ϭ 0.37) were not modified by the interventions on physical activity. None of the interactions were significant (time-byexercise regimen interaction for 13 C-FA INDV : F ϭ 1.42, P ϭ 0.25; 13 C-FA STUDY : F ϭ 0.61, P ϭ 0.19; 13 C-FA MEAN : F ϭ 0.84, P ϭ 0.51). Moreover, as observed in Fig. 5 , the variability in dietary fat oxidation was not affected by the different calculations.
Kinetic results: instantaneous and cumulative acetate recoveries. Figure 6 depicts the kinetics of instantaneous and cumulative acetate percentage recoveries of each physical activity group. For the MANOVA analyses, we took into account the data until 420 min postdose, the last common time point between all the studies. We observed a significant interaction between the kinetics of the instantaneous acetate percentage recoveries and both the physical activity levels (F ϭ 0.18, P Ͻ 0.0001) and the studies (F ϭ 14.3, P Ͻ 0.0001). Similar significant interactions between the kinetics of the cumulative acetate recoveries and both the physical activity level (F ϭ 0.17, P Ͻ 0.0001) and the studies (F ϭ 0.02, P Ͻ0.0001) were also noted. However, further analyses showed that the differences between studies and activity groups disappeared from time 240 and 300 min postdose for the instantaneous and cumulative kinetics of acetate percentage recoveries, respectively. Furthermore, cumulative acetate percentage recoveries extrapolated to the infinite did not show any study or group effects.
DISCUSSION
Since the introduction of the acetate correction factor by Sidossis et al. (14) , estimations of plasma fatty acid oxidation are corrected for the sequestration of the tracer in the TCA cycle and in the bicarbonate pool. Although the characteristics of the acetate recovery factor measured under infusion conditions to correct plasma fat oxidation have been widely studied, the variation and the reproducibility of the dietary acetate recovery factor have not yet been fully investigated. Such an investigation is warranted because it may lead to economies in the complex protocols used for many lipid oxidation studies.
The present study is the first to analyze the dARF under ingestion conditions to correct dietary fat oxidation. By compiling data from six distinct studies, which measured the exogenous [1-
13 C]acetate recovery, we found an average dARF of 50.6 Ϯ 5.4% dose in healthy subjects at rest. This value illustrates that omission of this factor when dietary lipid metabolism is studied would result in a twofold underestimation of fatty acid oxidation. This result is in accordance with percentage recoveries of [1- 13 C]acetate of 49, 45, and 54% reported under infusion conditions at rest by Trimmer et al. (17) in five endurance-trained males, by Pouteau et al. (8) in five healthy volunteers, and by Sidossis et al. (14) in six healthy subjects, respectively. This similarity between iARF and dARF led us to apply the model established by Sidossis et al. under infusion conditions to predict dARF. Nevertheless, when we applied this single exponential model on WISE data, taking into account the average V O 2 measured all along the duration of the acetate test, the predicted dARF (56.7%) was significantly higher than the measured dARF (49.9%) (P Ͻ 0.0001). The time delay associated with the gastrointestinal transit and absorption processes is likely responsible for this difference.
On the other hand, our average dARF is twofold higher than the average iARF of 23% measured between 90 and 120 min after the start of the acetate infusion in 89 subjects reported in the compilation study of Schrauwen et al. (12) . They used the [1,2-13 C]acetate, and the difference in tracer position explains the difference in the acetate recovery found between our study and the study of Schrauwen et al. Indeed, in 1990, Wolfe and Jahoor (22) studied the effect of the position of the labeled carbon atom on percentage-recovered label and showed that after a 4-h infusion period 81% of [1- 13 C]acetate infused was recovered, whereas only 53% of [2- 13 C]acetate was recovered. Therefore, the acetate-labeling pattern should be the same as the fatty acid-labeling pattern, and only the acetate tracer with the label carbon in the first position should be used to correct the dietary [1-
13 C]fatty acid oxidation. Table 4 
. Effect of interventions on physical activity on acetate recovery factor and the related dietary fat oxidation rates
Acetate/Oleate (n) Values are means Ϯ SD (minimum/maximum); n ϭ no. of subjects that have performed the acetate oral load (acetate) and lipid oral load tests (oleate), as indicated in the legend to Table 3 . The effect of the physical activity interventions on 13 C-ARF, Furthermore, we determined a between-subject CV of 10.6% in resting conditions, with dARF values ranging from 37.3 to 63.8%, and a within-subject CV of 4.6%. Clearly, if the protocols had been simply repeated in the same subjects without any intervention on physical activity (although not significant), the intraindividual CV would likely be lower. The between-study variability is observed in the kinetics of both instantaneous and cumulative percentage recoveries of acetate. This variability may be explained by differences in the subjects and in the protocols employed in each study. Moreover, even if the gastrointestinal processes remained up to 4 h, differences between individuals may account for the intervariability in the kinetics of instantaneous recoveries of acetate. But once the complete absorption is assumed to have been obtained, which may correspond to 240 -300 min after the breakfast ingestion, the percentage values of instantaneous or cumulative acetate recovery no longer differ between subjects. Therefore, the dARF, calculated by the extrapolation to the infinite of the cumulative percentage recovery of [1- 13 C]acetate, is not different between studies. We suggest that the major difference between the determinants of variation between dARF and iARF reflect the shorter time interval for iARF studies and that these differences dissipate with the longer study times of most dARF studies. However, only new investigations with a longer duration of acetate infusion may distinguish the respective influences of the methods (ingestion vs. infusion) and of the duration of the protocol in the observed variability in iARF. Another point to consider is our mathematical method of extrapolation to infinite, which may decrease the variability in dARF. Indeed, this mathematical method based on the 7-to 10-h cumulated recovery percentage of 13 C differs from the studies using infusion, where a standard period of 2-3 h of infusion is used to reach a steady state.
Contrary to the iARF (12), the dARF did not show differences between men and women. Moreover, we did not find a relationship between the dARF at rest and age, RER, or the percentage of body fat as observed in the Schrauwen et al. study (12) , and V O 2 peak tended to correlate only positively with dARF. Only RMR displayed a weak but significant, positive correlation with the acetate correction factor, explaining 7.4% of the variability. This lack of a significant relationship may be explained by low ranges in the considered parameters due to a standard recruitment of only healthy and normal-weight volunteers and by the fact that the protocols were performed at rest and not during exercise. For example, in the studies included herein, the percentage of body fat ranged from 17 to 31% and percent fat did not correlate significantly the dARF, whereas in the studies performed by Schrauwen et al. (12) the percentage of body fat ranged from 10 to Ͼ40%, and a significant negative relationship between the iARF and percent fat was found. Nevertheless, to better point out the potential role of percent fat on the dARF, identical investigations in the LIPOX study context are currently being undergone in our laboratory in obese persons. Moreover, whereas carbon in position 1 entering the TCA cycle is oxidized mostly to CO 2 within the second rotation, carbon 2 of acetyl-CoA is not eliminated as CO 2 before three rotations of the TCA cycle and thus is more likely involved in labeling TCA cycle metabolites such as glucose and glutamine (8) . Consequently, the [1,2- 13 C]acetate used in the study by Schrauwen et al. presents a recovery percentage more likely influenced by the metabolic state of the subjects, which likely explains the associations between iARF and the subjects' characteristics. Although dARF is characterized by a similar interindividual CV that has been reported for iARF (12.0%) (12), no major anthropological or physiological determinants for dARF have been elucidated. C-FASTUDY, and 13 C-FAMEAN acetate recovery factor before and after the following interventions on the physical activity: detraining (top left), severe detraining (bottom left), severe detraining accompanied by a resistive exercise (RE) training (top right), and severe detraining accompanied by a combined RE and aerobic exercise (AE) training (bottom right). The box plot represents the median of these data, the 25th and 95th percentiles at each side of the box, and the 10th and the 90th percentiles at the extremes, and the black points are the values above and below to the 90th and 10th percentiles, respectively.
Because of this high interindividual CV, Schrauwen et al. (12) strongly advised to determine an iARF for every subject. Nevertheless, use of an individual, an average group, or the grand mean correction factor does not affect the dietary lipid oxidation variability, which represents the most interesting finding of the present study. Indeed, the percentage recoveries of 13 C-FA corrected by the individual, the within-study mean, or the between-study mean acetate recovery factor are not significantly different and have the same mean and variability, ϳ35 Ϯ 13%. But more importantly, these three values have a similar between-subject CV of 36%, which suggests that this high variability is not due to the method of correction but rather by the differences inherent to the studies. Using a mean dARF for a group as a whole leads to changes in fatty acid oxidation values of Ͻ10% in individual subjects (observed range from Ϫ7.4 to 9.7%), whereas Schrauwen et al. (13) reported a difference of Ͼ30% between the plasma fatty acid oxidations corrected by the individual iARF and those corrected by an average group recovery factor. This discrepancy between our results (10 vs. 30%) is surprising since the iARF and dARF present similar CVs. Going back on, we did not find sufficient data in the Schrauwen et al. paper (13) to compare their method of fat oxidation calculations with ours. However, we can speculate that this difference may be attributed to extreme values in iARF in a larger sample size that also included a larger variability in body mass index (BMI; i.e., 19 kg/m 2 Ͻ BMI Ͻ 30 kg/m 2 ) than in our studies (i.e., 20 kg/m 2 Ͻ BMI Ͻ 25 kg/m 2 ). We can also assume that the dietary acetate and lipid metabolism present a lower variability than the metabolism of the plasma acetate and lipid, suggesting that the digestion processes likely act as a buffer to reduce interindividual differences or that the longer postdose measurement period of the dietary studies obviates the interindividual differences. Consequently, we conclude that it is valid to apply a mean dARF of 51% to correct the dietary lipid oxidation in all of the subjects. This result allows a compromise between the accuracy of the measurement, the cost of the tracers, and the intensity of the protocols.
For investigations aiming to determine the effect of one treatment on the dietary fat oxidation or to compare dietary fat oxidation between different groups of subjects, we advise the use of this average group dARF method of correction since only accurate and not precise measurements are required for having relevant results. This method has already been used in the Votruba et al. (18) study to compare the effect or prior exercise on subsequent fat utilization. In this study, the end cumulative recovery of [1- 13 C]oleate was corrected by a dARF measured in exactly similar conditions in seven other subjects involved in a previous study. Nevertheless, in clinical research and in particular obesity and diabetes research, correlative investigations are crucial to assess relationships between dietary fat oxidation and other metabolic parameters, since the dietary fat partitioning between storage and oxidation has major implications for the regulation of the body mass and composition and for other metabolic parameters such as insulin sensitivity or plasma lipid levels. Because such correlative studies require both accurate and precise measurements of the dietary fatty acid oxidation, a dARF determined for every subject might be preferable in light of the observation that within-subject CVs for dARF were a little smaller than between-subject CVs. Nonetheless, we show that the relationship observed between fasting RER and dietary fatty acid oxidation corrected by individual dARF remained unchanged for both average and extreme values when we applied the withinsubject mean and the between-subject mean dARFs. This result indicates that an average dARF may be used to correct dietary lipid oxidation in healthy subjects. Further investigations would be required to confirm these results in diabetic and obese subjects before the acetate test in studies involving them was suppressed.
The present study also analyzes the dARF in groups of different physical activity levels. After acute or chronic interventions on physical activity the recoveries are similar to those measured at rest, with an average dARF of 50.6 Ϯ 4.7%, ranging from 39.7 to 60.4%, and with a between-subject CV of 9.2%. The modifications of physical activity do not affect the variability of the dARF. Votruba et al. (18) reported that [1- 13 C]acetate recovery 7.5 h postdose measured in seven healthy women submitted to four distinct trials was 49.2 Ϯ 2.8, 47.4 Ϯ 3.3, and 46.4 Ϯ 2.8% for recent periods of rest, light, and heavy exercise, respectively, and was not significantly different. Furthermore, using an individual or an average dARF for label sequestration affected neither the variability nor the Fig. 6 . Kinetics of instantaneous (top) and cumulative (bottom) acetate %re-coveries of each physical activity group. Multiple ANOVA performed until 420 min postdose, the last common point between all the studies, showed a significant interaction between the kinetics of both the instantaneous and cumulative acetate %recoveries and both the physical activity levels (instantaneous: F ϭ 0.18, P Ͻ 0.0001; cumulative: F ϭ 0.17, P Ͻ 0.0001) and the studies (instantaneous: F ϭ 14.3, P Ͻ 0.0001; cumulative: F ϭ 0.02, P Ͻ 0.0001). Post hoc analyses showed that differences in instantaneous and cumulative kinetics of acetate %recoveries and both studies and groups of physical activity disappeared from 240 and 300 min postdose, respectively. mean of the dietary lipid oxidation after intervention on physical activity. Taken together, these results indicate that, for studies investigating the effect of physical activity level on dietary fat oxidation with a longitudinal or comparative design, a mean dARF of 51% may also be applied as in resting conditions.
In conclusion, we show that the dietary acetate recovery factor has a low interindividual variability both at rest and after interventions involving physical activity of different intensity levels. Using an average group acetate recovery factor does not affect the mean and the variability of the dietary lipid oxidation and is considered valid for both deterministic and comparative studies investigating lipid metabolism. Compiling data from 69 subjects, we propose an average dietary acetate recovery factor of 51%, which obviates the need for an additional separate acetate test and represents an acceptable scientific trade-off between the cost of the experiments, the cumbersome aspects of the protocols, and the accuracy of the measurements.
